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Effect of Air Humidity on Inspissation of Endotracheal Tube Secretions
Toru Hirokawa, Hideki Miyao, Toshikazu Takada, Taro Kawazoe (Department of Anesthesiology, Saitama Medical 
Center, Saitama Medical School, Kamoda, Kawagoe, Saitama 350-8550, Japan)
Although humidifiers are used in ventilator circuits to supply water vapor to the patient’s airway, tracheal tube 
secretions are often inspissated. Theoretically, the humidifier actually deprives the upper airway of water unless the 
delivered gas contains more water vapor than 44 mg H2O/l, the point saturated water vapor at body temperature. 
The purpose of this study was to measure the amount of “deprived water” in the upper airway using a tracheal 
model. Two different types of humidifier (one with and one without a heating wire) were used, and the appropriate 
humidifier settings required to prevent dry secretions in the  artificial airway were determined.
Methods: A tracheal model was made from a corrugated breathing tube, into which cylindrical filter paper 
containing water was inserted. Samples of air from two different humidifiers (one with and one without a heating 
wire incorporated into the inspiratory portion of the breathing circuit) were passed through the tracheal model for 
10 minutes. The tracheal model was warmed to 37 degrees. The gas flowed at a rate of 30 liters per minute in a 
constant unidirectional flow. The amount of absorbed water was measured by weighing the tracheal model before 
and after each trial. Sixteen settings for the humidifier with the heating wire and 5 settings for the humidifier without 
the heating wire were tested. The relative humidity and temperature of each gas were measured using a hygrometer, 
and the absolute humidity was calculated.
Results: The amount of deprived water ranged from -0.03 g to 0.93 g when the humidifier containing the heating 
wire was used and from 0.05 g to 0.6 g when the humidifier without the heating wire was used. Relative humidity was 
the main factor in preventing the tracheal model from drying out, while absolute humidity was a secondary factor.
Discussion and Conclusion: Even the newest humidifiers presently in use deprived the tracheal model of 
water during most operating conditions. The present findings suggest that humidifiers, that do or do not contain a 
heating wire should be set near the maximum level of humidity. The levels necessary to prevent upper airways from 
producing dry secretions were above 45 mg H2O/l of absolute humidity, which is significantly higher than the ISO 
standard (above 33 mg H2O/l), and 100 % relative humidity.
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に Vaisala社製温湿度計 HMP133Y （温度測定精度 
±0.3 ℃，相対湿度測定精度 ±3％）を組み込んだ直径





製濾紙 No2 90 mm（人工気管を垂直に固定して余分
な水分が人工気管下部より滴下するまで，人工気管上
部よりスポイトで水を十分に濾紙に滴下した）を固定
し，恒温銅管（直径 40 mm 長さ 1.5 mの銅管周囲に巻
















温設定範囲は 31 ℃から 40 ℃まで，チャンバー温制御
範囲は－5 ℃から＋2 ℃まであり，たとえば 37 ℃，－2
の設定は口元温 37 ℃，チャンバー温 35 ℃となる．す
なわちチャンバーで 35 ℃まで加熱加湿し，吸気回路















Fig. 1. Scheme of the experimental setup.
90
BIOPAC Systems社製の A/DコンバーターMP100で















実験室温は 25 ℃，使用した空気の温度は 25.5 ℃，















の群（0.61～ 0.22 g），次に 0の群（0.42～ 0.08 g），そ
して＋2の群（0.33～−0.03 g）の順となり ,チャンバー
温制御値－5から＋2に向かって水分奪取量は減少し
た．同様に口元温を 33 ℃から 39 ℃に上げるに従って
水分奪取量は減少した．
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Fig. 2. Scheme of temperature control mechanism.
Fig. 3. Hygrometer temperature, relative humidity and 
absolute humidity in various set up of MR 730. 
Tn : Set of the circuit temprature dial, Sn : Set of the chamber 
control dial.
Fig. 4. Deprivation of water in various set up of MR 730. 




度 1.3 mgH2O/l）のみを 10分間流して測定した水分喪
失量は 1.093±0.03 g（平均値±標準偏差）であった．
MR410各設定時の加温加湿器患者接続部の温度℃，




















Fig. 7. Correlation between difference of absolute humidity 
and difference of relative humidity.
Fig. 6. Correlation between difference in deprivation of water 
and difference of absolute humidity.
Fig. 8. Correlation between difference in deprivation of water 
and difference of relative humidity.

















































Difference of Relative Humidity
Fig. 5. Set of the temprature dial of MR410. Hygrometer 
temperature, relative humidity, absolute humidity and 














の 3者の内 2つが決まると必然的にもう lつも決まる．
【正常鼻呼吸の気道内湿度】
ヒトは正常の鼻呼吸の場合，外気温 22 ℃，相対湿




33 ℃，相対湿度 100％，絶対湿度 36 mgH2O/lとなり
気管支の第 3分枝の分岐レベルで 37 ℃，相対湿度




湿度 95％，絶対湿度 38 mgH2O/lとなり鼻腔から呼出
されるときにはそれぞれ 34 ℃，63％，24 mgH2O/lと























ISO では挿管患者の加湿器の絶対湿度は 33 
mgH2O/l以上あれば良いことになっている
3）．相対
湿度の規定は無い．一方 American Association of 
Respiratory Care（AARC）学会は人工呼吸中の適正湿
度に関して ,温度の規制を入れ，33 ±2 ℃ ,30 mgH2O/l





囲は 32 mgH2O/lから 40 mgH2O/lとなる．今回の結
果 Fig. 3と 4からほとんど水分奪取がなかったのは
MR730の患者口元温設定 39 ℃，チャンバー温制御値




























比較においては Fig. 6の Y切片が－0.13である事よ
り，同一絶対湿度でも水分奪取量は熱線なしMR410
の方が少ない事を表し，Fig. 7から，その原因が相対
湿度の差である事が推論できる．即ち Fig. 7の Y切片
が＋15％である事は同一絶対湿度の場合は熱線なし
MR410加温加湿器の相対湿度は熱線ありMR730のも
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